Pulmonary tuberculosis (PTB) is one of the deadliest diseases worldwide and is caused by Mycobacterium tuberculosis. A retrospective study was carried out to determine the prevalence and seasonality of PTB among the suspected tuberculosis patients diagnosed at Tehsil Head Quarter Hospital Serai Naurang, District Lakki Marwat, Khyber Pakhtunkhwa, Pakistan, during April 2015 to March 2018. Out of 2467 registered and suspected cases of PTB, 239 (9.69%) were positive cases. As a whole, the disease was highly prevalent in females (60.67%) compared with males (39.33%) in the study period. The age group 15-30 (years) had the highest percentage disease (37.24), followed by the age groups 46-60 (19.67), more than 60 (18.41), 31-45 (17.16), and 5-14 (7.11). While there found no patient of PTB less than 5 years during the study period. As a whole, 92.47% of the positive cases were at least 15 years of age. Annual variations occurred among the number of suspected patients as well as PTB-positive cases, and both were correlated. The monthly/seasonal occurrence of the disease showed that the late summer season (September) had the highest number of positive cases, 43 (17.99%); however, July (hot summer) and November (autumn) had the lowest number of positive cases, 13 (5.44%), each of the total positive cases. Data pooled over for the study period showed that females had a higher rate of disease than males in 10 out of 12 months of the year.
Introduction
Bacillus bacteria, Mycobacterium tuberculosis, causes lung disease of pulmonary tuberculosis (PTB) [1] . The infection spreads through the intake of air droplets released by sneezing and coughing of an infected individuals [1] [2] [3] . Several factors contribute to tuberculosis (TB) such as contact with a TB patient, poor sociodemographic factors, immigration from highly occurrence places "such as Afghanistan and Bangladesh", tobacco smoking, alcohol abuse, HIV infection [4] [5] [6] [7] [8] [9] [10] [11] . The common symptoms of the disease are fever, prolong coughing, night sweat, chest pain, and weight loss [12] .
According to the WHO [13] , an estimated 1.7 billion individuals (23% of the world's population) have a latent TB disease, and are at risk of developing active disease during their lifetime. The disease is one of the major risks to human health worldwide and is the leading cause of mortality, particularly in economically less developed nations [14, 15] . TB caused an estimated 1.3 million deaths (range: 1.2-1.4 million) in 2017 worldwide among HIV-negative individuals and there were an additional estimated 0.3 million deaths from TB (range: 2.66-3.35 million) among HIV-positive individuals [13] . WHO declared TB a global emergency in 1993 [16] .
The incidence rate of TB is decreasing at about 2% per year as the proportion of patients with TB who died from the disease was 16% in 2017, down from 23% in 2000 worldwide [13] . The End TB Strategy-specific targets for 2030 worldwide: 90% reduction in the mortality rate because of TB and an 80% reduction in TB incidence (new cases per 100 000 population per year) compared with the levels in 2015 [13] .
Pakistan ranked fifth among 30 high-TB burden countries [3, 13, 17] , which accounted for 87% of the TB cases worldwide [13, 18] . Pakistan has a national TB prevalence of 5% [13] . The National TB control program (NTP) has been working with the Ministry of Inter-Provincial Coordination, Government of Pakistan, with the help of the WHO for effective control of TB. The program includes symptom screening, chest radiograph, and sputum smear microscopy [18] . NTP will strive for TB-free Pakistan (free of cost treatment of the disease in Pakistan) by reducing 50% prevalence of TB in the general population by 2025. The primary healthcare system in Pakistan has incorporated TB services at the district level. Private chest clinics in tertiary care, district, and sub-district hospitals as well as rural health centers and basic health units provide healthcare in the diagnosis and treatment of the disease. Through NTP, there is a vertical reporting, monitoring, and supervision system in place [18] .
This study was carried out to determine the prevalence, distribution, and seasonal/monthly trends of PTB sex and age wise in the local population of Tehsil Serai Naurang (Lakki Marwat) and the adjacent population. The data of PTB sputum smear-positive cases from April, 2015 to March, 2018 were obtained from the national TB control center laboratory of Tehsil Head Quarter (THQ) Hospital, Serai Naurang (Lakki Marwat).
Materials and methods

Study site and population
Lakki Marwat is one of the districts in southern Khyber Pakhtukhwa (KP) covering an area of 3164 km 2 and has a population of 876 182 individuals (2017 census). Lakki Marwat district lies at 32°36'28.62'N, latitude and 70°54'41.11'E longitude. The district is surrounded in the southeast by Dera Ismail Khan (D.I.Khan), in the East by Mianwali, in the West by South Waziristan, in the southwest by Tank, in the North by Karak, and in the northwest by Bannu. The whole district has numerous hill torrents, deep ravines, sandy plain (elevation about 200-300 m above sea level), and hills (elevation ranges 500-1000 m above sea level), high heat, and dry weather conditions. Summers are very hot, whereas winters are moderately cool. Periodic sand storms rage through the area during May and June because of the prevalent low humidity. Rainfall is very rare and sporadic, and generally occurs in July and August.
Serai Naurang is one of the two Tehsils in Lakki Marwat with a population of 296 908 (2017 census). It is located at 32°49'32N 70°46'55E and has an altitude of 275 meters (905 feet). It is located at Bannu-D.I.Khan road at a distance of 25 km or 15 miles south of Bannu.
Sputum diagnosis and WHO case detection recommendation
According to the NTP guidelines, detection of PTB should be made on the basis of sputum examination [19] . WHO [20] defined sputum smear-positive TB as (a) with at least two initial sputum smear microscopy results (direct smear microscopy) positive for acid-fast bacilli (AFB+), or (b) with one sputum examination positive for AFB+ and radiographic abnormalities consistent with active PTB as determined by the treating medical officer, or (c) one sputum specimen positive for AFB+ and culture positive for AFB+. Sputum smears are performed for acid-fast M. tuberculosis bacilli through the Ziehl-Neelsen stain method and the true PTB cases are registered as PTB smear-positive cases to the WHO adopted DOTS (Directly Observed Treatment Short course strategy).
Patient registration, microscopy, and recording during 2015-2018
A total of 2467 suspected patients of PTB were registered and enrolled in the TB control center at the THQ Hospital Serai Naurang in the study period. They were enrolled on the basis of the common symptoms including prolong cough, night sweet, moderate fever, chest pain, etc. Sputum smear microscopy was performed for the suspected patients of PTB. Those with positive sputum smear were considered PTB-SS positive cases, whereas the rest of the patients were excluded. The data were recorded separately for sex and age in the official TB control register and were maintained in the aforementioned center.
Data collection and calculation
The data of the suspected PTB patients and sputum smear-positive cases from April 2015 to March 2018 (3 years) were collected from the official register of NTP maintained at the NTP laboratory of TB centre at THQ Hospital Serai Naurang. The data obtained from Directly Observed Treatment, Short-course were recorded on a monthly basis.
The data were classified into six age groups in years (<5, 5-14, 15-30, 31-45, 46-60, >60). Percentage case positivities for each sex and age group were determined. Seasonal/monthly trends in PTB (%) as well as sex-wise trends were calculated and evaluated among the suspected patients of PTB.
Statistical analysis
The χ 2 -test was used to calculate the P values. A P value of less than 0.05 was considered statistically significant.
Results
Both the sex and the age of the patient play an important role in the epidemiology of PTB. The χ 2test showed a month-wise significant difference, that is, P value less than 0.001 among the total positive cases as well as the positive cases among females. However, males were statistically at par, that is, P 0.18. The annual number of suspected TB patients varied as the highest number, 1088, was recorded in the last 12 months (third year), that is, from April 2017 through March 2018 (Table 3 and Figure 1 ), followed by 898 in the first 12 months (first year), ranged April 2015 to March 2016. While in the second 12 months (second year), that is, from April 2016 through March 2017, of the study period, a minimum of 481 suspected patients of PTB were recorded. Similarly, the annual number of PTB-SS positive cases varied over the period, with a maximum of 97 (8.92%) including males (43.30%) and females (56.70%) in the third year ( Table 3 and Figure 1 ). A minimum of 62 (12.89%) cases including males (45.16%) and females (54.84%) were recorded in the second year (Table 2 and Figure 1 ). However, 80 (8.91%) cases including males (30%) and females (70%) were found in the first year (Table 1 and Figure 1 ). Age group (15-30 years) was the dominant group in terms of the epidemiology of the disease (>40% occurrence), that is, showed 45 and 41.94% prevalences among all the age groups in the first and second year, respectively (Tables 1 and 2 and Figure 1 ). Moreover, no positive case for the age group of less than 5 years was found in the study period (Table 3) . Furthermore, the age group 46-60 years demonstrated more than twice and half increase in the number of cases ( Table 3 and Figure 1 ) occurred from April 2017 through March 2018 compared to the previous 2 years. April  40  10  6  4  0  3  3  1  2  1   May  80  5  2  3  0  0  0  0  2  3  June  31  3  0  3  0  0  1  0  0  2   July  35  3  1  2  0  0  0  2  1  0   August  31  6  1  5  0  1  3  1  0  1   September  35  5  2  3  0  0  2  0  1  2   October  31  6  4  2  0  0  2  2  1  1   November  35  2  1  1  0  0  1  0  0  1   December  44  4  1  3  0  0  3  1  0  0   Total  481  62  28  34  0  5  26  8  10  13 Data collected from Tehsil Head Quarter hospital Serai Naurang, Lakki Marwat.
The study period covered 2467 registered and suspected patients with PTB including 239 (9.69%) were diagnosed as positive cases ( Table 4 ). The NTP contributed largely toward reducing the rate of incidence of the disease in the general population of the study area. Females were more susceptible (occurrence 60.67%) to the disease (Figure 1 ) compared with males (39.33%). The highest prevalence of the disease occurred (Table 4 and Figure 1 ) in the age group of 15-30 (years), that is, 37.24%, followed by 46-60 (19.67%), more than 60 (18.41%), 31-45 (17.16%), and 5-14 (7.11%). As a whole, 92.47% of positive cases were at least 15 years of age. When grouped into similar age groups, females predominated in all the age groups (particularly in the age groups ranging from 5 to 45 years), as shown in (Table 4 ).
The data pooled for 3 years showed (Table 4 ) that the highest number of suspected patients of PTB was recorded in January (290), followed by May (261), whereas the highest PTB-SS positive cases, 43 
Discussion
An effective TB control program as well as effective planning to prevent the disease requires accurate information as well as data on the epidemiology of the disease [21, 22] . This study is limited only to smearpositive pulmonary TB cases because (a) there are poorly developed culture facilities in Pakistan for the proper diagnosis of other forms of TB, and (b) the proportion of other forms of TB is very small compared with sputum smear-positive PTB.
Trends of PTB can be explained by the epidemiology of the TB, which shows variations on the basis of several factors such as sex, age, location, immunity power, drug resistance, and HIV status of the diseased person [23] . The sociodemographic development (epidemiological transition) contributes to shifting the disease from communicable to noncommunicable disease [23] [24] [25] [26] .
This study is the first study on the epidemiology of PTB carried out in the Lakki district and for the first time in the southern region of the province of Khyber Pakhtunkhwa (including Bannu, Lakki Marwat, D.I. Khan, Tank, Karak, and Kohat districts). The study found 239 (9.69%) PTB-SS positive cases out of a total of 2467 suspected patients of PTB (Table 4 ). One of the reasons for the low prevalence of PTB in this study compared with previous studies may be the effective NTP in the study area.
No studies are available on the occurrence of PTB in the in the southern Khyber Pakhtunkhawa. However, some of the previous studies on the epidemiology of the disease were carried out in Khyber Pakhtunkhwa and elsewhere in Pakistan. Ahmad et al. [22] determined the prevalence of PTB-SS positive cases in the general population of Tehsil Dargai (Malakand), KP, and recorded 40.08% of PTB-SS positive cases and 15.63% of PTB-SS negative cases. Ahmad et al. [27] reported a 44.41% prevalence of PTB in district Lower Dir.
In the current study, female predominant PTB (60.67%) than male (39.33%) was confirmed by Ahmad et al. [22] , who recorded a higher rate of the PTB in females (57.63%) compared with males, 42.37%, at Dargai, Malakand. Furthermore, previous studies also reported a high prevalence of the disease in females than males [27] [28] [29] [30] [31] . The females were more vulnerable to the disease compared with males because (a) they are more as immune-deficient [32] , (b) they wait nearly twice compared to males from the onset of cough to visiting the hospital or healthcare center for a medical checkup [33] , and (c) some of the females neglect the disease and don't avail medical facility to treat the PTB that resulted in disease progressed rapidly [34] . Mortality and epidemics because of the PTB increased because of the delay in the diagnosis and treatment of the disease [22] .
The study also showed age-wise effects of the prevalence of the PTB. The highest prevalence of the disease (37.24%) occurred in the age group of 15-30 years, followed by more or less similar trends (range: [17] [18] [19] .7%) in the three age groups ranging from 31 to more than 60 years. While no positive case was recorded for the age of less than 5 years. NTP revived in 2001 under Ministry of Health subsequent to declaration of TB as national emergency in Pakistan, hence found no positive case in age less than 5 years, as well as age 5-14 years comparatively suffered less as a result of vaccination through Bacille-Calmette-Geurin to control the TB. In Pakistan, it is a part of the Extended Program of Immunization (EPI) and is administered at birth. Immunity induced by EPI lasts for 3 to 12 and 5 to 8 years on average.
Nevertheless, young people (age 15-30 years) suffered the most because they are less likely to have developed immunity during a previous epidemic and most of them born prior to 2001, until that TB control was almost absent because of a dormant and ineffective NTP until 2001 [17] and furthermore the EPI was not successfully implemented yet. However, individuals in the age range 31 to more than 60 years had comparatively developed more immunity in the previous epidemics. When grouped into similar age groups, females predominated in all the age groups (particularly in the age groups ranging from 5 to 45 years), as shown in (Table 4 ). As a whole, 92.47% of the cases were at least 15 years of age in the present study, which was supported by WHO [13] ; they reported cases in all countries and across all age groups, but overall, 90% were adults (aged ≥15 years). [39, 40] .
Pakistan has a higher rate of incidence of TB in the rural population than the urban population because of poor healthcare facilities and unawareness, which affect the seasonal variations in case notification [41] . Seasonality and trend pattern of TB enable determination of the major risk factors involved in the disease and planning of strategies to prevent the disease.
Conclusion and recommendations
The data pooled for 3 years showed that 9.69% of the total suspected patients were PTB-SS positive cases. The low prevalence of PTB is an indication of the effectiveness of the TB control program in the study area. Females had a higher rate of disease (60.67%) than males (39.33%). The highest prevalence rate of the disease, 37.24%, was present among individuals in the age group (15-30 years), followed by individuals in the age group 46-60 (19.67%), more than 60 (18.41%), 31-45 (17.16%), and 5-14 (7.11%) during the study period. While the disease was not present in the age of less than 5 years. The disease was at the peak in September, with 43+ cases (17.99%); however, July (hot summer) and November (autumn) revealed the lowest number of 13+ cases (5.44%) each of the total positive cases. As a whole, females were predominant group in the prevalence of the disease than males in all the months except October and November. Further research is recommended to explore the factors that contribute to the higher incidence of the disease in females in the study area. In addition, more effective NTP requires door-to-door visits by health workers to identify the suspected patients neglecting the disease and delaying to avail health facilities to provide them universal health coverage.
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